In addition, non-appressorial germ tubes of these three species which were seen by 24hr did not produce haustoria below them. Because E. graminis f. sp. agropyri conidia germinated with low frequency, they were not used in these numerical evaluations.
By contrast, 56% of E. graminis f. sp. hordei conidia had one germ tube, 36% had two, and 9% more than two at 4hr.
At 8hr 9% had one germ tube; nearly 80% had two and 12% had more than two.
Between 12 and 24hr, 85-90% had two germ tubes and at 24hr
only 1% of the test conidia had one germ tube. Table  2 indicates that the percentages of conidia with more than two germ tubes varied between 7 and 12% during the entire test period.
Whether conidia develop more than two germ tubes seems to be determined at an early stage of germination, probably prior to 4 hr after inoculation.
The data for this species were thus consistent with those gained previously4).
Moreover, when the test conidia of E. graminis f. sp. hordei were turned contact side up, penetration pores were seen below some primary germ tubes at 2 and 4hr after inoculation, as shown earlier7).
In most cases, however, irregular wall fragments which had been torn out with the germ tubes, remained at the penetration pores in the tracks of primary germ tubes (Fig. 5b) . Appressorial penetration pores were observed in specimens fixed at 8hr and thereafter.
Similarly, conidia of E. graminis f. sp. agropyri had primary germ tubes and appressoria (Fig. 6 ). Penetration pores were also observed below both primary germ tubes and appressoria.
These results indicate that conidia of E. graminis f. sp. hordei and E. graminis f. sp. agropyri attempted penetrations of host cells from two points, primary germ tubes and appressoria, prior to haustorium formation, and that conidia of the other test Erysiphe species attempted penetration only from appressoria.
Frequency
of appressorium formation In this test, germ tubes that were more than 1.5 times broader at the tip than at the base were scored as appressoria.
Unlike appressorial germ tubes, the nonappressorial maintained a constant diameter, even though some of them elongated (Figs. 5a and 6) .
Therefore, appressorial germ tubes were readily distinguished from non-appressorial.
As shown in Fig. 1 , appressorial germ tubes of E. cichoracearum, E. pisi and E. polygoni were not observed at 2hr after inoculation.
At 4hr, 91%, 45% and 40% of the conidia of these species, respectively, had appressorial germ tubes.
The fre- Fig. 1 . Appressorium formation by conidia of E. cichoracearum, E. pisi, E. polygoni and E. graminis f. sp. hordei quency of appressorial germ tubes of E. polygoni almost reached its maximum 4hr after inoculation; that of E. pisi and E. cichoracearum, at 6hr. By contrast, no appressorial germ tubes of E. graminis f. sp. hordei were seen at 4hr, but 81% of the test conidia had them at 8hr. Figure 1 indicates that appressorium formation of E. cichoracearum, E. pisi and E. polygoni, which do not produce primary germ tubes, is initiated and reaches a maximum more than 2hr earlier than that of E. graminis f. sp. hordei, which produces primary germ tubes.
Discussion
As defined in earlier papers4,7), primary germ tubes were regarded as nonappressorial germ tubes which penetrated host walls earlier than appressoria and never produced haustoria.
The present results indicate that conidia of E. graminis f. sp. hordei (race I) and E. graminis f. sp. agropyri have primary germ tubes but those of other test Erysiphe species do not. Kunoh et al3, 4) . also reported that conidia of another race of E. graminis f. sp. hordei (race B7) and those of E. graminis f. sp. tritici produced primary germ tubes.
Hirata1) observed in detail by light microscopy the conidial germ tubes of many species of Sphaerotheca, Podosphaera, Erysiphe, Uncinula, Sawadaea and Microsphaera;
and he reported that only conidia of E. graminis had single or multiple short germ tubes in addition to appressorial germ tubes, all other test fungi usually had just a single germ tube. We have noted that conidia of Phyllactinia moricola and Leveillula taurica usually produced a single germ tube also5,6). According to the present results and the earlier reports, primay germ tubes can be provisionally considered a unique characteristic of E. graminis. In addition to primary germ tubes, E. graminis has specific characters in morphology and host range that render it easily distinguishable from other genera and from other species of Erysiphe: Conidiophores have bulbous swellings at the basal part2,9), haustoria have finger-like projections1,9), and only this species can parasitize monocotyledonous plants1,2,8).
Thus, E. graminis is unique and very specific when it is compared with other powdery mildew fungi.
Based on these unique characters of E. graminis, Golovin (1958) proposed the use of the genus Blumeria for E. 
